The aim of this study was to examine the association between educational attainment and utilization of the health care system and self-care behavior by individuals with diabetes. The Barriers to Diabetes Care Survey asked individuals with diabetes about their care. The questionnaire was completed using computer-assisted telephone interviewing techniques. Participants were found by random digit dialing across Ontario, Canada (eligible n = 1,031). We dichotomized educational attainment at high school. We examined the relationship of educational attainment with measures of health care system utilization and of self-care behavior. We adjusted for age, sex, income, health insurance status, and diabetes type, duration and treatment regimen. Individuals with high educational attainment were more likely to have had an ophthalmologic examination during the previous year (odds ratio 1.37, 95% confidence interval 1.04-1.82), and were more likely to report having a specialist (OR 2.08, 95% CI 1.31-3.31) or other paramedical professional (OR 1.91, 95% CI 1.19-3.07) as their most responsible provider of care, rather than a family doctor. Smoking (OR 0.64, 95% CI 0.45-0.90) and blood sugar monitoring (OR 0.70, 95% CI 0.50-0.98) were associated with low educational attainment, while following a meal plan was associated with high educational attainment (OR 1.39, 95% CI 1.07-1.80). Since appropriate utilization of the health care system and self-care behavior are essential for diabetes management, our findings suggest that people with low educational attainment are independently at risk for worse diabetes care. Health care providers should ensure that their communications, teaching materials and instructions are suitable for these higher-risk patients.
INTRODUCTION
Diabetes is a significant chronic disease and its complications exert a huge burden on the health system. Patients with diabetes have early morbidity, mortality and decreased quality of life [1, 2] . However, appropriate clinical care including patient self-management, surveillance for complications, and pharmacologic interventions can improve patients' health. Previous studies have shown that low income level and lack of insurance coverage can affect quality of diabetes care [3] [4] [5] [6] . However, it is uncertain whether education independently influences diabetes care, particularly in publicly-funded health care systems where income and insurance coverage are less likely to limit care. Individuals with low educational attainment may be at particularly high risk, since educational attainment is inversely related to diabetes prevalence [7] . Several previous studies have examined the relationship between education level and quality of diabetes care [8] [9] [10] [11] [12] [13] [14] , but most were too small and their samples too selective to draw generalizable conclusions. Therefore, we sought to examine the association between educational attainment and utilization of the health care system and self care behavior in a randomly selected sample of patients with diabetes, in a population with equal access to physician and hospital care. 
METHODS

Data Source
The Barriers to Diabetes Care Survey asked patients diagnosed with diabetes across the province of Ontario, Canada about their diabetes care and any barriers to their care that they have encountered. Details have been published previously [6] . The questionnaire was administered in 2006, and included questions about demographics, clinical history, health service utilization, self-care behaviors, insurance coverage, employment status, and educational attainment. All interviewing was completed from centralized telephone facilities at the Institute for Social Research at York University, using computer-assisted telephone interviewing techniques. Random digit dialing procedures were utilized to select households. The households were screened to find out whether someone in the household had been diagnosed with diabetes. If there was more than one household member diagnosed with diabetes, the person with the most recent birthday was interviewed. No substitutions were made for household members more willing to participate, nor were proxy interviews allowed. All questionnaires were administered in English, and non-English interviewees were excluded. A maximum of 12 calls at various times of day were made to sample numbers before the number was considered not reachable. Attempts were made to encourage refusers to participate in the survey by calling them at least once after the initial refusal. The survey screened 29,339 telephone numbers, of which 24,629 were found to be households. Of them, 17,612 were not eligible, and eligibility could not be definitively established for another 5, 765 . From the remaining 1,252 households, the survey was completed by 1,150. The average interview duration was 20.2 minutes.
Statistical Analysis
The primary exposure of interest in the study was educational attainment, which we dichotomized at high school. Baseline characteristics between the two groups were compared using chi-square tests.
We examined several outcome measures for their relationship with educational attainment, including measures of health care system utilization (nutrition counseling in the last 12 months, ophthalmological examination in the last 12 months, foot care in the last 12 months, awareness of diabetes education centers, family physician visit in the last 6 months, specialist visit in the last 12 months, and patientreported most-responsible provider of diabetes care), and self care behavior (blood sugar monitoring, following a meal plan, doing exercise, and cigarette smoking). The behavioral measures were collected in the survey on a scale (e.g. "always," "often," "some of the time" or "rarely"), but were dichotomized to simplify the analysis.
The associations between educational attainment and each outcome variable were examined using logistic regression to adjust for age, sex, income, insurance status, and diabetes type, duration and treatment regimen. Income level was derived ecologically from the median household neighborhood income. Although all Ontario residents are eligible for publicly-funded hospital and physician care without any co-payments or extra charges, insurance for drugs and diabetes testing supplies is publicly-funded only for a proportion of the population; hence, adjustment for insurance status remains important. Participants with missing data on any of the adjustment variables were excluded.
RESULTS
Of the 1,150 participants in the survey, 119 (10%) were excluded for missing data. 578 (56%) of the eligible participants reported high school education or less, and so were classified as being in the low educational attainment group. The final sample size had 80% power to detect an absolute unadjusted difference of 9.0% between groups.
The baseline characteristics of both groups are presented in Table 1 . In general female sex, older age, not being on intensive insulin regimen, being overweight/obese, and being retired were associated with low educational attainment.
Among health care utilization measures ( Table 2) , an ophthalmologic exam in the previous year was significantly associated with high educational attainment, after adjustment for age, sex, income, insurance status, and diabetes type, duration and treatment regimen. Participants with high educational attainment were also more likely to report that a specialist or a paramedical practitioner was their most responsible provider.
Among self-care behaviors (Table 3) , participants with high educational attainment were more likely to report following a meal plan and less likely to report being cigarette smokers. However, participants with low education attainment were more likely to report monitoring their blood sugar. Exercise was not associated with educational attainment. We repeated the analysis using self-reported income instead of ecologically-assigned neighborhood income. This reduced the sample size by approximately 17% to 857, as many survey participants declined to disclose their income. In this analysis, only cigarette smoking remained statistically significantly associated with educational attainment. The adjusted odds ratios for the other outcomes lost statistical significance, but the point estimates were similar albeit slightly attenuated.
DISCUSSION
Even in a publicly-funded health care system with uniform access to hospital and physician care, educational attainment was associated with measures of health care utilization. The study results suggest that individuals with high educational attainment were more likely to have an ophthalmological examination, and were more likely to report a specialist or paramedical practitioner as their most responsible provider of care. Both these findings suggest that individuals with low educational attainment are more reliant on their primary care physicians for care, whereas those with high educational attainment may be more likely to be referred to specialists in general, either because of patient requests or physician recommendations. The finding of lower adherence with ophthalmological examinations among those with low educational attainment is consistent with previous literature [11, 12] .
Some self-care behaviors were also independently associated with educational attainment. Individuals with high educational attainment were more likely to report following a meal plan and were less likely to smoke. This suggests that individuals with high educational attainment may have a greater awareness of, motivation for, or ability to implement healthy behaviors to improve their diabetes care. The strong inverse relationship between educational attainment and smoking is particularly concerning, given the high burden of cardiovascular disease for people with diabetes [15, 16] , and has been described previously [13, 14, 17] . Therefore, special techniques or messages to encourage smoking cessation, targeting individuals with low educational attainment may be required. Surprisingly, we found that those with low educational attainment were more likely to report doing blood sugar monitoring. This potentially paradoxical observation may have occurred because people with lower educational attainment were more likely to follow their physicians' recommendations to monitor blood sugars, after adjusting for income and insurance status -two factors that might otherwise have been barriers to monitoring in this population. Confirming and exploring this association will be required in future studies.
There are several potential reasons why higher educational attainment could result in better diabetes quality of care, independently of income or other demographic and clinical factors. Individuals with higher education levels may have a greater understanding of the importance of preventative care, appropriate screening tests and self-management. These individuals may have better self-advocacy skills and greater self-efficacy. They might have better access to and understanding of educational materials, support groups, websites, and other community resources to facilitate diabetes care. Finally, their employment and social environments may be healthier, which would make it easier to manage their diabetes [18] .
Of note, a large proportion of our study population was not following a meal plan or not doing exercise, regardless of educational attainment. Because these self-care behaviors are fundamental to appropriate management of diabetes, their absence could reflect lack of patient motivation, societal influences making it difficult to follow a healthy lifestyle, and/or clinical care more focused on pharmacological treatment than behavior change.
Previous literature examining the association of diabetes care or outcomes with educational attainment as the primary exposure of interest is scant. Karter et al. [13] surveyed nearly 9,000 patients as part of a large study evaluating individual, provider and structural factors associated with diabetes care and outcomes, and found results similar to ours. Lower educational attainment was associated with lower predicted probabilities of being a non-smoker, of engaging in regular exercise, and of health-seeking behavior for diabetesrelated non-clinical services (such as support groups or diabetes websites), after adjustment for demographics, diabetes severity, comorbidity and employment. Blood sugar monitoring and foot self-examination were not associated with educational attainment. Nádas et al. [14] evaluated 533 patients with type 1 diabetes, and found that people with lower education levels had worse glycemic control, were less physically active and were more likely to smoke cigarettes. However, these associations were unadjusted for potential confounders.
Several other studies have evaluated quality of care indicators with education level as a covariate or other exposure. Zgibor et al. [8] found that patients with type 1 diabetes who completed high school had better glycemic control and were more likely to have received specialist care. However, there was no effect of education level on blood glucose monitoring, receiving diabetes education and ophthalmology visits. Goudswaard et al. [9] observed a modest relationship between education and glycemic control, while Schillinger et al. [10] did not find such a relationship. Paz et al. [11] and Witkin et al. [12] found that people with lower educational attainment were less likely to comply with vision care guidelines. Gucciardi et al. [19] found that education level did not influence attendance at diabetes education programs. However, many of these previous studies had a small sample size or included patients from a single clinical setting, which makes it difficult to generalize their results.
Our study has several strengths, including our large sample that was drawn from a random selection of the population, making our results more suitable for generalization. The sample included both types of diabetes and patients followed in both primary and specialty care settings. Limitations to our study include a lack of objective measures of quality of diabetes care, such as clinical data or processes of care, so we could not assess whether educational attainment was associated with these important indicators. Despite the relatively large sample size, the study may have been underpowered to detect clinically important differences in some outcomes measures. In addition, our measures of educational attainment, health service utilization and self-care behavior were based on patient self-report only, and hence may be subject to obsequiousness bias or misclassification bias. The findings of the study may be prone to alpha-error because of multiple hypothesis testing, and so they can only be considered hypothesis-generating. Finally, the study was crosssectional in design, so no causal inferences can be drawn.
We have demonstrated that several health care utilization and self-care behavior measures for individuals with diabetes are independently associated with educational attainment. Therefore, patients with low educational attainment are at risk for a poorer quality of diabetes care. To ensure that these patients are able to equally benefit from the essential health care utilization and self-care behaviors needed to optimize diabetes care, health care practitioners must ensure that their communication, instructions and teaching materials are understandable by individuals with different levels of education.
